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(54) Gas flow distribution jn adsorbent beds 

(57) A non-uniform graded ball adsorbent bed sup- 
port is employed in the head section of an adsorption 
vessel to achieve a uniform flow of gas to the adsorbent 
bed. The open areas of an inlet gas distributor are also 
varied to channel gas toward the edge portion of the ves- 
sel head to enhance the uniform flow of gas to the 
adsorbent bed. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention - The invention relates to pressure 5 
swing adsorption gas separation operations. More par- 
ticularly, it relates to an improved flow distribution system 
for pressure swing adsorption vessels. 
Description of the Prior Art - Adsorption processes have 
been widely used for the separation and purification of io 
gasses. In recent years, pressure swing adsorption 
(PSA) systems have been developed for enhanced gas 
separation operations, particularly for the commercial 
production of oxygen and/or nitrogen from air. In the 
operation of PSA systems, an adsorption-desorption- is 
repressurization processing sequence is employed, with 
the passage of air or other feed gas mixture at an upper 
adsorption pressure to an adsorption system for the 
selective adsorption of a more readily adsorbable com- 
ponent of air or other feed gas mixture by one or more 20 
adsorbent beds, and the passage through said bed(s) of 
a less readily adsorbable component. The bed(s) is then 
depressurized to a lower desorption pressure for the 
desorption of the more readily adsorbable component 
from the adsorbent bed(s), and the bed(s) is then repres- 25 
surized to the upper adsorption pressure as cyclic oper- 
ations are continued. 

In order to fully utilize the adsorbent material 
employed, PSA systems require uniform flow of gas 
across the adsorbent bed(s) throughout the PSA 30 
processing cycle. In addition, large void volumes and 
pressure drops in the PSA vessel entrance and exit 
regions, which have adverse effects on the process per- 
formance of a PSA system, need to be mitigated in prac- 
tical commercial operations. In this regard, those skilled 35 
in the art will appreciate that, in PSA systems, e.g. vac- 
uum pressure swing adsorption (VPSA) systems, the 
adsorbent bed support and the flow distribution system 
are costly, and become more costly as the diameter of 
an adsorbent bed increases. The typical bed support 40 
system is also prone to adsorbent leakage if not assem- 
bled correctly. Repair of a leaking bed support system 
can be costly and time-consuming. Common bed 
designs and flow distribution systems that employ bed 
support plates and associated flow distribution systems, 45 
incorporating support ribs, tend to give rise to localized 
non-uniform gas flow, which results in an undesired pen- 
alty in gas separation performance. 

Four general approaches have been employed in 
commercial practice in attempting to achieve uniform so 
flow in PSA vessels. In one approach, described in "How 
to Design Fluid - Flow Distributors" by D. R. Richardson, 
Chemical Engineering, May 1. 1961, a pressure drop is 
added in the form of a perforated plate or screens posi- 
tioned across the adsorbent bed. This approach is the 55 
least desirable for PSA systems because PSA vessels 
are large and the inlet, pipe velocities are relatively high, 
resulting in the need for a high pressure drop across the 
bed to achieve good gas flow distribution. Such a pres- 



sure drop, however, increases the PSA system power 
requirements, which renders the PSA system, particu- 
larly a VPSA system, less competitive in satisfying the 
requirements of commercial operations. 

A second approach incorporates a turning plate that 
is placed from 1 to 3 pipe diameters from the gas inlet 
pipe of the system. This plate turns the main inlet(s) gas 
flow and causes it to diffuse into the head area of the 
vessel rather than impinge directly into the adsorbent 
bed. This results in a low pressure drop across the 
adsorbent bed, but with relatively poor flow distribution, 
because of the vortices set up in the head area of the 
vessel which, in turn, impinge on the bed. 

A third approach relates to the positioning of a flow 
distribution plate parallel to the adsorbent bed across the 
entire head region of the PSA vessel. Such a flow distri- 
bution plate contains perforated sections of different 
open areas that force the gas flow reaching the adsorb- 
ent bed to be generally uniform. This approach is further 
described in the Nowobilski patent, U.S. 5,298,226, 
issued March 29, 1994. This third approach, as with the 
first two approaches, employs, in practice, support ribs 
to stiffen the perforated plate in the radial and circumfer- 
ential directions. Such support ribs cause areas of high 
and uneven gas flows due to their inherent channeling 
of the gas flow. 

The fourth approach attempting to achieve uniform 
gas flow incorporates both flow distribution and bed sup- 
port through the use of graded balls or cylinders that are 
built up in decreasing sizes to support the bed of adsorb- 
ent material in the PSA vessel. A small basket or plate 
that may not be of the full bed diameter forms an inlet 
plenum for the PSA vessel. If the bed adsorbent material 
is approximately 1/16" diameter, for example, the bed 
support would be multiple 3" deep layers of 1/8", 1/4", 
1/2", 3/4", 1" and 2" diameter ceramic balls, e.g. as 
shown in Norton, Denstone Inert Catalyst Bed Supports 
Catalog No. 410027/992. The size of the bed support is 
such that the smaller particles do not fit between the 
interstricial spaces of the next size larger particles. The 
difficulty encountered with this approach is that there is 
no mechanism to control the flow distribution to the 
adsorbent bed except by lengthening the bed support 
section. This, in turn, results in more support material 
costs, greater void volume in the inlet head and higher 
pressure drops. 

It is an object of the invention to provide an improved 
adsorbent vessel head section capable of achieving a 
uniform flow of gas to an adsorbent bed therein. 

It is another object of the invention to provide an 
improved PSA vessel capable of achieving uniform gas 
flow in an adsorbent bed with reduced void volume and 
pressure drop. 

With these and other objects in mind, the invention 
is hereinafter described in detail, the novel features 
thereof being particularly pointed out in the appended 
claims. 
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Summary of the Invention 

Uniform flow to an adsorbent bed positioned in a ver- 
tical cylindrical vessel is achieved through the use of a 
perforated inlet gas distributor having a varying open 5 
area together with a graded ball bed support in non-uni- 
form layers in the vessel head. By employing a proper 
open area of the perforated distributor, and a suitable 
non-uniform graded ball distribution, very uniform gas 
flow is achieved at the entrance of the adsorbent bed. w 

Brief Description of the Drawings 

The invention is hereinafter further described with 
reference to the accompanying drawings in which: is 

Fig. 1 is a schematic representation of the non-uni- 
form graded ball bed support and inlet gas distribu- 
tor arrangement of the invention; 
Fig. 2 is a schematic representation of a correspond- 20 
ing embodiment of a graded, uniform bed support of 
conventional practice; 

Fig. 3 is a schematic representation of another 
embodiment of the invention providing a desirable 
non -uniform graded ball bed support of the adsorb- 25 
ent bed; 

Fig. 4 is a schematic representation of the non-uni- 
form graded ball bed support of the invention having 
a large inlet plenum with a solid or perforated top 
plate; 30 
Fig. 5 is a schematic representation of an embodi- 
ment of the invention comprising a spherical cap ple- 
num having two different perforated areas; and 
Fig. 6 is a schematic representation of an embodi- 
ment of the invention comprising a cylindrical pie- 35 
num with variable open area side walls. 

Detailed Description of the Invention 

The objects of the invention are accomplished, in 40 
preferred embodiments, by employing a perforated inlet 
gas distributor with a varying open area and a graded 
ball bed support in non-uniform layers over the inlet gas 
distributor to compensate for non- uniform gas flow gen- 
erated by the perforated inlet gas distributor and different 45 
path lengths to the adsorbent bed. Through a combina- 
tion of these features, very uniform flow can be achieved 
at the entrance of the adsorbent bed. 

The invention eliminates the need for costly perfo- 
rated plate bed supports and their support ribs that serve so 
to generate non-uniform gas flow. It also eliminates the 
need for a flow distribution baffle plate and its support 
ribs. This reduces the void volume in the bed space, and 
the overall cost of the adsorption system, while providing 
more uniform flow than various plate bed support 55 
designs. 

The essence of the invention thus resides, in pre- 
ferred embodiments thereof, in the use of the inlet gas 
distributor having different open areas over its surface to 



start the flow of gas moving in the desired directions, fol- 
lowed by the use of the non- uniform graded ball bed sup- 
port to channel the gas flow from the flow gas distributor 
to the overhead adsorbent bed with essentially uniform 
flow at the entrance to the adsorbent bed. The non-uni- 
form graded ball bed support is arranged so that non- 
uniform layers of inactive spheres employed therein 
extend from the perforated gas distributor, i.e. inlet ple- 
num, in such a manner as to reach at least to 70% of the 
diameter of the adsorption vessel. In preferred embodi- 
ments of the invention, said non-uniform layers of 
spheres extend to at least 85% of the diameter of the 
adsorption vessel. 

The inlet plenum isdesigned to extend in height from 
between 20% to 1 00% of the depth of the head space of 
the adsorption vessel. Preferably, it should extend from 
between 30% to 70% of the depth of said vessel head. 
The diameter of the gas distributor or inlet plenum is gen- 
erally in the range of from 1 0% to 80% of the adsorption 
vessel diameter. Preferably, the inlet plenum diameter is 
in the range of from 30% to 60% of said vessel diameter. 

As indicated above, very uniform flow distribution 
can be achieved at the entrance of the adsorbent bed by 
the selection of a desirable combination of open area of 
the perforated gas distributor or inlet plenum and non- 
uniform graded ball bed support. The pressure drop and 
void volume aspects of the practice of the invention are 
traded off through the sizing of the inlet plenum. Such 
variability provides for a more uniform gas velocity distri- 
bution entering the adsorbent bed and enables the void 
volume in the vessel head and the pressure drop across 
said vessel head to be optimized in practical commercial 
operations. This avoids the necessity for lengthening the 
bed support to achieve a more uniform flow as in the use 
of a conventional graded ball bed support. 

In conventional adsorption systems employing a 
graded ball bed support, an adsorption vessel generally 
contains a bed of adsorbent material supported on a 
graded bed of ceramic balls filling the vessel inlet head 
space. For example, the ceramic balls may be distributed 
as indicated above, with a layer of 2" balls being placed 
at the bottom of the vessel head, and with successive 
uniform layers of 1" balls 1/2" balls, 1/4" balls and 1/8" 
balls extending to the top of the head space to support 
the adsorbent particles, typically 1/16" particles in the 
main portion of the adsorption vessel. A fluid inlet conduit 
extends to the bottom portion of the vessel head for fluid 
communication with an inlet plenum that extends upward 
therein, e.g. as to the height of the bottom, 2" ball layer. 
The overall economics of the graded ball bed support 
system depends on a variety of variables such as the 
cost of the desired product gas produced in the adsorp- 
tion process, the power requirements, the adsorbent 
material employed and the adsorption vessel configura- 
tion. The relative value and impact of such factors will 
vary with the gas separation ol purification processes 
being employed and the location at which such proc- 
esses are being carried out. 
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In the operation of graded ball bed support systems, 
a feed gas flow is passed through a small inlet pipe at 
relatively high velocity and expands into the inlet plenum. 
The inlet plenum serves three functions, the first being 
to keep the non-active ceramic balls in the head area out 
of the inlet pipe, and to serve as a structural support for 
the bed directly above it. The second function of the inlet 
plenum is to reduce the velocity of the gas flow entering 
the bed of adsorbent material, e.g. zeolitic molecular 
sieves, activated carbon or alumina and the like. This, in 
turn, reduces the pressure drop in the vessel entrance 
area, i.e. the vessel head. For example, if gas were 
passed through a 2.5 ft. diameter inlet pipe at 40 ft./sec. 
at 90 psia and 50°F, and were to impinge directly on the 
largest 2" diameter balls, a pressure drop of 2 psi/inch of 
bed depth would occur in the immediate area of the inlet 
pipe. An inlet plenum having 10 times the pipe area, i.e. 
a 4 ft. diameter x 3 ft. high, would result in a pressure 
drop of only 0.02 psi/inch. Thus would result in a signif- 
icant power savings. However, a void volume penalty is 
incurred since 20 ft 3 of additional void volume is added 
due to the inlet plenum area not being filled with balls 
that would otherwise take up approximately 60% of the 
void. 

The third function of the inlet plenum is to direct the 
incoming gas flow in the desired direction. Two effects 
are handled by varying the open area of the inlet plenum 
in the practice of the invention. The first effect is the 
dynamic head of the flowing fluid. This results in a higher 
pressure in the area of the gas distributor or inlet plenum 
directly above the inlet pipe. This higher pressure will 
result in a larger flow through the center area of the bed 
than at the outer areas of the bed. This undesirable effect 
is reduced by reducing the open area in the center area 
of the inlet plenum compared to the edge area. In the 
example, the dynamic head is about 0. 1 psi, and its effect 
is handled by reducing the open area in the central area 
of the inlet plenum to only 1%. The second effect to be 
accounted for is due to the geometry of the inlet plenum 
and the adsorbent bed. The inlet plenum top may have 
an area of from about 5% to 10% of the adsorbent bed. 
For example, with a bed diameter of 16 ft. and an inlet 
plenum top area of 12.7 ft 2 , an area ratio of only 6% is 
achieved. The majority of the gas flow, therefore, has to 
exit through the sides of the inlet plenum and reach the 
edges of the adsorption vessel. In a cylindrical inlet ple- 
num, the gas flow will exit the side of the plenum cylinder. 
The side open area is kept as large as possible, consist- 
ent with the structural loads on the inlet plenum. The side 
open area will typically be about 50% of the overall side 
area. 

After the gas flow leaves the inlet plenum, it enters 
the graded ball bed support in the head space of the 
adsorption vessel. The primary function of the graded 
balls is to support the adsorbent bed at a reasonable 
pressure drop. As indicated above, this is carried out in 
the art by placing layers of different size inactive balls in 
the vessel head, with each size ball generally being twice 
the diameter of the balls in the layer above it. Thus, if the 



molecular sieve, carbon, alumina or other adsorbent 
materia! is about 1/16" diameter, the non-active ceramic 
ball layer directly beneath it is desirably about 1/8" diam- 
eter, with a typical layer thickness of about 3". Beneath 

5 the 1/8" layer, a 3" layer of 1/4" balls, followed by a 4" 
layer of 1/2" balls is positioned, with a bottom 5" layer of 
3/4" balls. In conventional practice, a plate bed support 
is typically used in the head area, that is, under such uni- 
form, gradual ball bed support. The increase in ball diam- 

w eter employed in such uniform, graded ball bed supports 
is such that the smaller diameter spheres do not fall 
through the interstitial spaces in the larger particles in 
the next lower layer. In theory for perfectly stacked 
spheres, the "diameter of the interstitial space is about 

15 1 /5 the diameter of the larger sphere. In practice, a diam- 
eter ratio of 1/2 is used to account for the non-uniform 
packing of non-uniform ceramic balls. Larger diameter 
ratios would add extra layers and increase both costs and 
the pressure drop across the vessel head. The thickness 

20 of the layer of balls should generally be minimum of 3 
sphere diameters. Another approach is to use, for exam- 
ple, an 8" layer of 1 " balls, and then to fill the remainder 
of the vessel head with 2" balls. Tlie inlet plenum is typ- 
ically a small Johnson screen, approximately 12" in 

25 diameter and 17" high. The void volume can be mini- 
mized by use of a small inlet plenum, but because of a 
small inlet plenum and the uniform graded ball bed sup- 
port of conventional practice, a poor velocity distribution 
is found to occur across the bottom of the adsorbent bed. 

30 In the practice of the invention, the graded ball bed 
support achieves improved gas flow distribution through 
the use of a non-uniform arrangement of the ball support. 
The non-uniform bed support utilizes the variation in 
pressure drop through the different size balls to desirably 

35 force or channel the flow of gas to the outer region of the 
adsorbent vessel. A desirable embodiment of the inven- 
tion is illustrated in Fig. 1 of the drawings. As shown 
therein, the larger balls, e.g. 2" balls, are used to provide 
a low resistance path to the edges of the adsorbent ves- 

40 sel. This is in contrast to a conventional graded ball bed 
support arrangement, as illustrated in Fig. 2 of the draw- 
ings, in which each layer of balls is deposited on the next 
lower layer in uniform fashion, i.e. in even or leveled lay- 
ers, not providing such a low resistance path upward to 

45 the edge of the vessel head. As shown in said Fig. 1 , the 
largest balls, i.e. 2" balls, are placed so as to extend from 
the lower portion of the inlet plenum upward and outward 
to the edge of the vessel head at a vertical height above 
the upper edge of the inlet plenum. This provides a low 

so resistance gas flow path upward and outward to the ves- 
sel wall and enables a relatively uniform gas velocity dis- 
tribution to be achieved across the bottom of the 
adsorbent bed. In the conventional support arrange- 
ment, the 2" ball layer will be seen to have an upper sur- 

55 face that extends horizontally from the inlet plenum to 
the edge of the vessel head. This arrangement does not 
force the flow of gas from the inlet plenum outward, as 
in the Fig. 1 embodiment of the invention, and a less 
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desirable, less uniform, more centrally concentrated gas 
velocity distribution to the adsorbent bed is achieved. 

It will be seen that the non-uniform graded ball dis- 
tribution of the Fig. 1 embodiment provides for the upper 
ball layers to extend upward and outward from the center 5 
of the vessel head with each such layer generally taper- 
ing in the outward direction so that the thickness of said 
layers, i.e. the 1 " ball layer, the 1/2" ball layer and the 1/4" 
ball layer, is thinner at the outer edge of the head section 
that at the center thereof, thereby facilitating the flow of 
gas upward near the edge of the vessel head. By con- 
trast, the uniform graded ball distribution of the conven- 
tional arrangement, as shown in Fig. 2, provides for such 
upper layers to extend in a uniform fashion horizontally 
across the vessel head. In this conventional arrange- 
ment, each of said upper ball layers above the inlet ple- 
num has a uniform thickness from the center of the 
vessel head to the outer edge thereof. It should be noted, 
as an example that, at the same gas flow rate, the pres- 
sure drop/foot of 2" balls is 1/4 of the pressure drop of 
1/2" balls. By the non-uniform arrangement of the graded 
ball bed support in the practice of the invention, a more 
uniform gas flow distribution can be achieved, and the 
void volume in the head space is desirably reduced, as 
compared with conventional uniform graded ball bed 
support arrangements. 

The optimum vessel head arrangement for any given 
adsorption vessel and gas flow combination is deter- 
mined by the interaction of the flow dynamic head, turn- 
ing losses, recirculation vortices, the flow through the 
perforated inlet plenum, and the gas flow through the 
graded ball fill to achieve the desired minimum pressure 
drop and a flat or uniform velocity profile at the entrance 
of the adsorbent bed. In a representative example of the 
use of the invention in a gas prepurif ier adsorption ves- 
sel, the vessel has a 16 ft. diameter, with an inlet air flow 
of 

4.7 x 10 6 NCFH at 90 psia from a 30" diameter inlet pipe. 
In a conventional uniform graded ball bed support 
design, the inlet plenum has a 36" diameter and a height 
of 39". The top of the inlet plenum cylinder is solid and 
the sides have a 50% open area. A vessel head full of 
inactive alumina consists of a level layer 1/2'* diameter 
balls filled to 1 " above the top of the inlet plenum, with a 
13" level layer of 1/4" diameter alumina balls deposited 
thereon. The main portion of the vessel is filled with a 5 
ft. bed of 5 x 8 activated alumina adsorbent. The flow 
distribution obtained upon use of such conventional 
design vessel has a +13% to -12% velocity variation from 
the velocity at the center of the vessel, with the higher 
velocity being observed about 1/4 of the distance from 
the center line of the vessel to the vessel edge, and the 
lower velocity occurring at the edge of the vessel. This 
conforms generally with the velocity distribution entering 
the adsorbent bed as shown for the head section config- 
uration shown in Fig. 2 of the drawings. The cause of the 
low velocity at the edge of the vessel is the high resist- 
ance gas flow encounters in trying to flow through the 
layer of 1/2" balls to reach the edge of the vessel head. 



The result is that a larger than average flow follows the 
shorter path from the top edge of the flow distributor 
more directly to the bottom of the adsorbent bed, result- 
ing in the indicated higher gas flow velocity in that region. 

The invention serves to reduce the resistance to the 
flow of gas to the edge of the vessel head by placing a 
2" diameter ball fill in the head portion of the adsorption 
vessel, and carrying it up the edge of the head until it is 
within about 3" of the top of the inlet plenum in the 
embodiment illustrated in Fig. 3 of the drawings. The 2" 
fill is than covered with 3"-5" of 1 " diameter fill generally 
following the same contour. The bed support is then lev- 
eled with 1/2" diameter fill that varies in the example from 
a minimum thickness of 3" at the edge to a maximum 10" 
in the center of the vessel head. The final layer of 1/4" 
diameter balls is a uniform 13" thick. A greatly improved 
velocity distribution is obtained thereby. The maximum 
velocity still occurs above the edge of the inlet distributor, 
but the peak velocity is reduced form + 1 3% to +8%. More 
importantly, the edge velocity is only -3% below the mean 
velocity rather than -12%. 

In the representative example above, the velocity at 
the center of the head section is not below the mean bed 
velocity, but this will not always be the case. For larger 
diameter inlet plenums, i.e. larger inlet distributors, the 
flow of gas through the low section of balls in the center 
of the bed can be improved by providing, for example, a 
1% open area perforated plate using 1/4" diameter holes 
in place of a solid top of the inlet plenum. This perforated 
plate enabling gas flow upward from the inlet plenum, 
combined with the flow from the top edge of the inlet ple- 
num, serves to provide a more uniform velocity of flow in 
the center portion and across the adsorption vessel 
using an 8' diameter inlet plenum. Thus, using a solid top 
plate of the inlet plenum, in the embodiment shown in 
Fig. 4 of the drawings, the velocity distribution is from - 
1 1% near the center to +3.5% at the vessel edge. With 
said 1% open area in the top plate, the velocity distribu- 
tion was improved so that about a +2% velocity existed 
at the center of the vessel with a generally uniform, 
slightly decreasing velocity occurring across the vessel 
head to a velocity of only -1 .2% at the edge. Clearly, the 
use of a perforated top plate of the plenum provides an 
improved velocity distribution as compared with the use 
of a solid, non-perforated top plate. 

In the representative examples of the invention 
above, a cylindrical inlet plenum was employed. This 
design is convenient to build, but, as the diameter 
increases, the flat top plate becomes very thick, or rein- 
forcement must be added in the form of center support 
posts or cross channels welded to the top or bottom of 
the flat distributor top plate. In an alternative embodiment 
of the invention, the inlet plenum can be a spherical cap 
that has two or more different perforated areas as illus- 
trated in Fig. 5 of the drawings. The spherical cap can 
be welded to the inside of the vessel head directly over 
the inlet pipe. The perforations in said cap are preferably 
varied to facilitate the desired gas flow distribution in the 
vessel head. In a particular embodiment, for example, 
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the center area of the spherical cap of the inlet plenum, 
i.e. the area near the center of the vessel head, may be 
from 5% to 20% of the overall inlet distributor area, with 
the perforated open area thereof being between about 
0. 1 % and about 1 0%. with the perforation diameter being 
between 1/8" and T. The middle area of the spherical 
cap may be from 5% to 50% of the overall inlet distributor 
area, with the perforated open area thereof varying from 
0% to 10%, with the perforation diameter being between 
1 /8" and 1 The outer open area, in the area of the spher- 
ical cap extending farthest outward toward the edge of 
the vessel head, is made as large as structurally possible 
since this outer area will be instrumental in directing gas 
flow to the outer edge of said vessel head. Typically, this 
perforated open area will be from 40% to 60%, with a 
hole diameter between 1/2" and 1". In the embodiment 
illustrated in said Fig. 5, the outer portion of the spherical 
cap, i.e. the area contacting the portion of the graded ball 
bed support comprising 2 M balls, has a perforated open 
area of about 50%. and the center portion of the spher- 
ical cap, i.e. the portion near the center of the vessel 
head in contact with 1/2" balls, has a perforated open 
area of about 2%. with the middle portion of the spherical 
cap, in contact with 1" balls, being a solid area. 

In another embodiment of the invention as shown in 
Fig. 6 of the drawings, a cylindrical inlet plenum is pro- 
vided with a variable open area in the lower and upper 
cylindrical sections of said plenum. For this purpose, the 
lower section, i.e. the part in contact with the 2" balls of 
the graded support, as well as part of the 1" ball layer, 
has an open area of between 40% to 60%, e.g. 50%, with 
perforation diameters typically between 1/2" and 1". The 
upper section, i.e. the part in contact with part of the 1" 
ball layer and the 1/2" ball layer, has an open area of 
between 20% and 2%, e.g. 10%, with the same diameter 
of perforations. The lesser open area in the upper section 
of the inlet plenum serves to control the upward gas flow 
from the top edge of said plenum. Thus, the gas velocity 
at the inlet plenum will be reduced, and more gas will be 
forced to flow toward the outer edge of the vessel head. 
As noted above, the flat top of the inlet plenum can 
include an open area or areas, which can be varied to 
achieve a more uniform upward velocity distribution in 
the center portion of the vessel head. 

It will be appreciated that various changes can be 
made in the details of the invention, as described herein, 
without departing from the scope of the invention as 
recited in the appended claims. Thus, while reference 
has been made particularly to VPSA and other PSA sys- 
tems, the invention can also be employed to other 
adsorption systems, such as a thermal swing adsorption 
system. Those skilled in the art will appreciate that the 
invention can also be used to provide an improved gas 
flow distribution in a variety of other processing vessels, 
including these in which the vessels contain catalytic 
materials rather than adsorbent materials, but where uni- 
form gas flow is also desired in practical commercial 
operations. While the invention has also been described 
particularly with respect to the particular size of the non- 



uniform graded ball bed support configuration for an 
adsorbent bed of 1/16" or 1/8" particles, it will be appre- 
ciated that the size of the inactive balls employed in the 
graded ball support, and the thickness of each layer, in 

5 the center of the vessel head and at the edge thereof, 
will vary depending on the requirements of a given gas 
separation application. In certain applications, particu- 
larly with respect to small vessels, it may be possible to 
employ an inlet gas distributor having a varying open 

w area together with flat, i.e. , uniform, layers of graded balls 
for the support of the bed. 

It will be understood from the illustrated embodi- 
ments that each layer of the graded ball bed support 
need not be deposited in a non-uniform manner. While 

is each layer is non-uniformly arranged across the vessel 
in the embodiments of Fig. 1 and 5, the smallest 1/4" ball 
layers of the embodiments of Figs. 3. 5 and 6 are leveled 
in a uniform manner In each case, however, the largest 
2" ball layer is positioned in a non-uniform manner 

20 extending upward toward the edge of the vessel head so 
as to create a low resistance flow path to the outer edge 
of the vessel head, with upper ball layers, e.g. 1" balls 
and 1/2" balls, arranged in non-uniform manner such as 
to produce a low resistance flow path from the 2" layer 

25 to the adsorbent bed at the outer portion of the adsorp- 
tion vessel. 

While the embodiment illustrated in Fig. 4 was 
described above with reference to providing a 1% open 
area perforated plate in the top portion of the inlet plenum 

30 to provide an upward flow of gas and a more uniform gas 
flow in the center of the vessel, those skilled in the art 
will appreciate that the open area in the top plate of the 
inlet plenum, when a perforated upper plate is employed, 
can be varied, depending on the overall configuration 

35 and operating conditions employed, in order to achieve 
the more uniform velocity distribution desired in the 
center of the vessel. 

In preferred embodiments of the invention, the uni- 
form flow of gas to an adsorbent bed is enhanced 

40 through the use of a perforated inlet plenum with a var- 
ying open area, together with the non-uniform graded 
ball bed support described above. As will be appreciated 
from the illustrated embodiments, it is also within the 
scope of the invention to provide the non-uniform graded 

45 ball support with an inlet plenum of uniform open area, 
although the combination of such features in the pre- 
ferred embodiments is especially suitable for directing 
the flow of gas across the vessel head to achieve a uni- 
form flow velocity to the adsorbent bed. 

so The invention provides a significant advance in the 
field of PSA and other adsorption processing for com- 
mercially significant air and other gas separation opera- 
tions By conveniently enabling more uniform gas flow 
across an adsorbent bed to be achieved, the invention 

55 enables the full adsorptive capacity of the adsorbent bed 
to be effectively utilized. Large void volume and/or pres- 
sure drop requirements in the vessel head are thereby 
mitigated, and enhanced overall performance of the 
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highly desirable adsorption processes is advanta- 
geously in practical commercial operations. 

Claims 

1 . In an adsorption system for the separation of a more 
readily adsorbable component of a feed gas mixture 
containing said component and a less readily 
adsorbable component, having at least one adsorp- 
tion vessel containing a bed of adsorbent material 
capable of selectively adsorbing the more readily 
adsorbable component of said feed gas mixture, 
with said adsorbent bed being supported by a 
graded ball bed support positioned in the vessel 
head, with conduit means for the passage of the feed 
gas mixture to an intet plenum positioned in said ves- 
sel head for the introduction of the feed gas mixture 
into said graded ball bed support, the improvement 
comprising a non -uniform graded ball bed support 
in which the largest size inert balls positioned at the 
lower portion of said bed support, and in fluid com- 
munication with the inlet plenum, are arranged in a 
ball support layer such that the upper surface thereof 
extends upward and outward from the center of the 
vessel head to the outer edge thereof so as to create 
a gas flow path of low resistance to the outer edge 
of the vessel head. 

whereby the flow of the feed gas mixture from the 
iniet plenum is channeled across the vessel head to 
provide a uniform flow of said feed gas mixture to 
the adsorbent bed. 

2. The adsorption system of Claim 1 in which the non- 
uniform graded ball bed support comprises multiple 
layers with each layer being of smaller size balls than 
the next succeeding lower layer. 

3. The adsorption system of Claim 2 in which interme- 
diate layers above the bottom layer are arranged so 
that the upper surface thereof extends upward and 
outward from the center of the vessel head to the 
outer edge thereof, with said intermediate layers 
being tapered so that the thickness of each such 
layer at the edge of the vessel head is less than the 
thickness thereof at the center of the vessel head, 
thereby further facilitating the uniform flow of gas 
across the adsorption vessel. 

4. The adsorption system of Claim 3 in which the upper 
layer of smallest size balls is tapered so that the 
thickness of said upper layer at the edge of the ves- 
sel head is less than the thickness thereof at the 
center of the vessel head. 

5. The adsorption vessel of Claim 2 in which interme- 
diate size layers between the largest size balls at the 
bottom of the bed support and the smallest size balls 
at the top thereof at the edge of the vessel head is 



less than the thickness thereof at the center portion 
of the head. 

6. The adsorption system of Claim 1 in which the inlet 
5 plenum has non-uniform distribution openings to the 

graded ball bed support, with the bottom portion of 
the inlet plenum, in fluid communication with at least 
a portion of the largest ball size, bottom ball layer 
having a larger open area than the upper portion 
w thereof, thereby further facilitating the channeling of 
the flow of the feed gas mixture through the largest 
size balls at the lower portion of the bed support to 
the edge portion of the vessel head. 

is 7. The adsorption system of Claim 6 in which the inlet 
plenum has a perforated top plate facilitating the flow 
of gas to the center portion of the vessel head. 

8. The adsorption system of Claim 6 in which the inlet 
20 plenum comprises a spherical cap plenum. 

9. The adsorption system of Claim 8 in which the outer 
portion of the spherical cap plenum extending 
toward the edge of the vessel head has a larger open 

25 area than the center portion of said spherical cap 
plenum in the center of the vessel head. 

10. The adsorption system of Claim 9 in which the outer 
portion of the spherical cap plenum is in fluid com- 

30 munication with the largest size balls comprising the 
bottom portion of the graded ball bed support. 

11 . The adsorption system of Claim 6 in which the inlet 
plenum comprises a cylindrical plenum having 

35 openings in the cylindrical side portions thereof. 

12. The adsorption system of Claim 11 in which the 
lower portion of said cylindrical plenum has a larger 
open area than the upper portion thereof, the lower 

40 portion of the cylindrical plenum being in fluid com- 
munication with at least the largest size balls in the 
bottom portion of said graded ball bed support. 

13. The adsorption system of Claim 2 in which said 
45 graded ball bed support comprises layers of 2", 1", 

1/2" and 1/4" balls. 

14. The adsorption system of Claim 4 in which said 
graded ball bed support comprises layers of 2", V, 

so 1/2" and 1/4" balls. 

15. In a processing system having at least one process- 
ing vessel containing a bed of solid material to be 
contacted by a feed gas mixture, with the bed of solid 

55 material being supported by a graded ball bed sup- 
port positioned in the vessel head, with conduit 
means for the passage of the feed gas mixture to an 
inlet plenum positioned in said vessel head for the 
introduction of the feed gas mixture into said graded 
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ball bed support, the improvement comprising a 
. non-uniform graded ball bed support in which the 
largest size inert balls positioned at the lower portion 
of said bed support, and in fluid communication with 
the inlet plenum, are arranged in a ball support layer 5 
such that the upper surface thereof extends upward 
and outward from the center of the vessel head to 
the outer edge thereof so as to create a gas flow 
path of low resistance to the outer edge of the vessel 
head, 10 
whereby the flow of the feed gas mixture from the 
inlet plenum is channeled across the vessel head to 
provide a uniform flow of said feed gas mixture to 
the bed of solid material. 

75 

1 6. The processing system of Claim 15 in which the non- 
uniform graded ball bed support comprises multiple 
layers with each layer being of small size balls than 
the next succeeding lower layer. 

20 

17. The processing system of Claim 16 in which inter- 
mediate layers above the bottom layer are arranged 
so that the upper surface thereof extends upward 
and outward from the center of the vessel head to 
the outer edge thereof, with said intermediate layers 25 
being tapered so that the thickness of each such 
layer at the edge of the vessel head is less than the 
thickness thereof at the center of the vessel head, 
thereby further facilitating the uniform flow of gas 
across the processing vessel. 30 

1 8. The processing system of Claim 1 5 in which the inlet 
plenum has non-uniform distribution openings to the 
graded ball bed support, with the bottom portion of 
the inlet plenum, in fluid communication with at least 35 
a portion of the largest ball size, bottom ball layer 
having a larger open area than the upper portion 
thereof, thereby further facilitating the channeling of 
the flow of the feed gas mixture through the largest 
size balls at the lower portion of the bed support to 40 
the edge portion of the vessel head. 

1 9. The adsorption system of Claim 1 8 in which the inlet 
plenum comprises a spherical cap plenum, the outer 
portion thereof extending toward the edge of the 45 
vessel head having a larger open area than the 
center portion of said spherical cap plenum in the 
center of the vessel head. 

20. The processing vessel of Claim 1 5 in which the solid so 
material comprises catalyst material. 
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Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Provided are a packed column arranged so as to be capable of effectively preventing 
polymerization of a polymerizable compound such as a (meth)acrylic acid in treating the 
compound, and a method for treating a polymerizable compound using the packed 
column. The packed column (20), which is provided with a packing support plate (9) and is 
filled with a packing on the packing support plate (9), is arranged so as to include a 
packing layer (B) (1 0) having a greater percentage of voids than that of a packing layer (A) 
(11), between the packing support plate (3) and the packing layer (A). 
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